Recently Papagomys theodorverhoeveni was reported to be still extant on the basis of a single museum specimen. Based on comparison with extensive zooarchaeological material from Liang Bua, the identifi cation of this specimen is refuted.
Introduction
The genus Papagomys consists of giant rats from the island of Flores, Indonesia. It was defi ned by Sody (1941) on the basis of Mus armandvillei Jentink, 1892, the only recent species of giant rat inhabiting the island. Palaeontological studies, however, made it clear that in the past the diversity of giant murids was far larger. Hooijer (1957) described a second species of Papagomys, P. verhoeveni, and also a second genus of giant rat, Spelaeomys, from Liang Toge. Musser (1981) added to these the genus Hooijeromys and several genera of smaller rats. He agreed with Hooijer that a second species of Papagomys had been present on Flores. Unfortunately, Hooijer had selected a specimen of P. armandvillei, of which fossils had been found in the same deposit, as the holotype. Therefore, based mostly on the same material, Musser (1981) defi ned the species Papagomys theodorverhoeveni.
Some years ago a recent specimen of Papagomys theodorverhoeveni was reported from the island of Flores (Suyanto and Watts, 2002) . The specimen, consisting of a skull and mandibles, had been collected in 1974 at Ruteng, Manggarai, West Flores and was stored in the collections of the Museum Zoologicum Bogoriense (MZB 12716) . Based on the comparison with four specimens of P. armandvillei, to which species MZB 12716 had originally been attributed, Suyanto and Watts concluded that it concerned a recent specimen of P. theodorverhoeveni. The main reasons for this re-identifi cation were the somewhat smaller size of the specimen and the presence of an anterocentral cusp on the m1 of MZB 12716.
Recent excavations at the cave Liang Bua on Flores have yielded a large number of fossils of murids, among which many mandibles, maxillaries and isolated teeth of both Papagomys armandvillei and P. theodorverhoeveni. The site became renowned for the fi nd of a small-bodied hominine, Homo fl oresiensis, which is considered to be a descendant of H. erectus that became dwarfed under insular conditions (Brown et al., 2004) . The Papagomys assemblage from the cave allows us a far better estimate of the range of variation of the two known species, both morphologically and metrically. The large sample, which includes all age classes from juvenile to senile, also allows us to get a better grip on how the morphology and dimension of the molars change with wear.
The initial description of Papagomys theodorverhoeveni was based on eleven specimens in comparison to a not much larger sample of P. armandvillei. This may have created the false impression that differences were clear-cut. In our much larger sample we found that some characters are variable, though the character states differ markedly between the species. Identifi ca-tion was primarily based on size. In case molars were preserved in mandibles, the robustness of the jaw helped in the identifi cation, as the jaw of P. armandvillei is much more robust than that of P. theodorverhoeveni. The presence of the anterocentral cusp of the m1, the presence of the anterolabial cusp in m2, m3 and the presence of labial cusplets on m1 and m2, were only used as secondary characters. Understanding the morphological variation is needed to re-evaluate the identifi cation of MZB 12716 as P. theodorverhoeveni. The Liang Bua collection contains 409 specimens identifi ed as Papagomys, among which are 149 P. theodorverhoeveni and 191 P. armandvillei. The remaining part of the material could not be identifi ed at species level.
Material and methods
The fossil material consists of isolated teeth as well as fragments of maxillaries and mandibles. Most of the material was obtained by dry sieving sediment from the Liang Bua Cave, although part was excavated directly. All molars were measured using a Leica Ortholux measuring microscope. Length and with were measured at right angles. Four characters employed by Musser (1981) in his diagnosis of P. theodorverhoeveni were scored (Fig. 1 ). These are: the presence of an anterocentral cusp on m1 (AC) (1 in Fig. 1) , the presence of an anterolabial cusplet on m1 (Cv3) (2 in Fig. 1 ), presence of a posterolabial cusplet on m1 (Cv5) (3 in Fig. 1) , and presence of an anterolabial cusp on m2 (AL) (4 in Fig. 1 ). These cusps are according to Musser present in P. theodorverhoeveni, but absent in P. armandvillei. Furthermore, the laminae are more upright positioned in P. theodorverhoeveni. Because morphology is affected by wear, we defi ned three wear stages. In wear stage 1, the wear facets of all individual cusps are separated. Wear stage 2 is defi ned by merger within laminae, whereas molars in which mergers of wear facets between laminae occur were placed in wear stage 3.
We estimated the lengths of the lower molars of MZB 12716 from Suyanto and Watts (2002, fi gure 1), using as a reference the values given in their table 1 for m1-m3 length and width of the various lower molars. The estimated lengths are given in Table 1 . The measurements are indicated by a rectangle in Figs. 2-4 , allowing a 5% margin of error.
All multivariate and statistical analyses were performed using SPSS 15.0.
The material from Liang Bua described in this paper is currently kept in Naturalis, Leiden, but will be stored in the Pasat Arkeologi Nasional Indonesia, Jakarta.
Results
Given the large variation in size, it is clear that two species of Papagomys are present in the Liang Bua material. There is a certain amount of overlap, particularly in length of the m1 (Fig. 2) . This is in itself not very surprising, since the length is more infl uenced by wear than the width. Therefore it seems peculiar that the overlap in the m3 is larger in the width than in the length. This may well be a result of the more slanting plates in P. armandvillei, which results consistently in a longer last molar in this species.
Plotting the data for MZB 12716 in the various diagrams (Figs. 2-7) shows that in the lower molars, even allowing for a margin of error because of the estimation, the various elements fall within the range of Papagomys armandvillei. The width given by Suyanto and Watts (2002) for the upper molars has been indicated in Figs. 5-7 as a line, which lies well above the maximum width for P. theodorverhoeveni, and again within the range of P. armandvillei. Apart from the metrical overlap, it is also clear that most of the diagnostic characteristics noted by Musser (1981) show, in fact, a certain degree of variation. Actually, this was already clear, since the holotype of P. armandvillei does possess an anterolabial cusp on the m2 (Fig. 1) , one of the characters deemed diagnostic for P. theodorverhoeveni.
The range of variation in the Liang Bua material (Table 2) indicates that all four morphological characters examined are actually variable within both species. The best differential character is the presence of the posterolabial cusplet, which is present in 90% of P. theodorverhoeveni, but in only 7% of P. armandvillei. We found an anterolabial cusp in 73% of our P. theodorverhoeveni material, but in only 27% of our P. armandvillei material. The anterolabial cusplet is present in about half of P. theodorverhoeveni examined and in 11% of P. armandvillei. The presence or absence of an anterocentral cusp is evidently the least distinctive character. This cusp is present in only 10% of our P. armandvillei material, but also in only 21% percent of our P. theodorverhoeveni material. The absence of all cusps seems to be quite strongly related to wear. For example, the anterolabial cusp was present in all our P. theodorverhoeveni material in wear stage 1, but in only 33% of the molars in our wear stage 3.
There is a strong difference in size between the two species of Papagomys (Figs.  2-7) . There is substantial overlap only for m1. Nevertheless, Student's T-test performed separately on the lengths and widths of all the elements show a significant difference in size at a 99 % confi dence level. The size difference is also apparent (Fig. 8) shows that P. theodorverhoeveni and P. armandvillei are divided neatly into to clearly separated clusters. MZB 12716 clearly clusters with the armandvillei specimens, albeit as a bit of an outlier, which may be due to the way the measurements were estimated.
Discussion
However surprising Suyanto and Watts' (2002) conclusion was that a species known from fossils only was still living, it was certainly not unlikely. Another rat that had been described from fossils by Musser has in fact been recently recognised in the Recent fauna. Musser (1981) had described Floresomys naso on the basis of Holocene dentaries and lower teeth from Liang Toge. As the genus name was preoccupied, he proposed the replacement name Paulamys (Musser et al., 1986) . A living specimen of a murid at least closely related to P. naso was collected in 1989 (Kitchener et al., 1991) . Nevertheless, we do not agree with Suyanto and Watts (2002) , that specimen MZB 12716 represents P. theodorverhoeveni. MZB 12716 is a young animal -on the basis of the photograph (o.c., fi g. 1) we would place it in wear stage 1 -and therefore, most diagnostic characteristics of P. theodorverhoeveni should be easily visible. MZB 12716 does have an anterocentral cusp on m1, as does 10% of our P. armandvillei material and 21% of our P. theodorverhoeveni material. According to Suyanto and Watts (2002) , an anterolabial and posterolabial cusplet are also present on m1. However, we cannot recognize the presence of either cusplet from the photograph they provide, and in our experience the posterolabial cusplet is almost invariably clearly present in young P. theodorverhoeveni (it is present in 95% of our wear stage 1 P. theodorverhoeveni material). MZB 12716 does not have an anterolabial cusp on m2 either. This cusp is present in all our wear stage 1 P. theodorverhoeveni material. According to Suyanto and Watts (2002) , MZB 12716 is somewhat smaller than another Papagomys found in the MZB collection. However, the molar breadth measurements they provide fall well within the range of variation in our P. armandvillei material, and well above even the largest specimens of P. theodorverhoeveni. In conclusion, all evidence suggests that MZB 12716 is not an example of P. theodorverhoeveni, but of P. armandvillei. K.M. Helgen, who has seen the specimen, kindly informed us that he had come to the same conclusion (Helgen, pers. comm. 2007 ). Therefore, P. theodorverhoeveni should still be considered an extinct species.
